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TITLE 

FABRICATED VEHICLE WHEEL AND 
METHOD FOR PRODUCING SAME 

5 

BACKGROUND OF THE INVENTION 
This invention relates in general to vehicle wheels and in particular to an 
improved fabricated vehicle wheel. 

A conventional fabricated vehicle wheel is typically of a two-piece 
10 construction and includes an inner disc and an outer "full" rim. The disc can be 
cast, forged, or fabricated from steel, alrraiinxmi, or other alloys, and includes an 
inner annular wheel mounting portion and an outer annular portion. The wheel 
mounting portion defines an inboard mounting surface and includes a center pilot 
or hub hole, and a plurality of lug receiving holes formed therethrough for 
15 mounting the wheel to an axle of the vehicle. The rim is fabricated from steel, 
aluminum, or other alloys, and includes an inboard tire bead seat retaining 
flange, an inboard tire bead seat, an axially extending well, an outboard tire bead 
seat, and an outboard tit^e bead seat retaining flange. In some instances, a three- 
piece wheel construction having a moimting cup secured to the disc is used. In 
20 both types of constructions, the outer annular portion of the disc is typically 
secured to the rim by welding. 

SUMMARY OF THE INVENTION 
This invention relates to a fabricated vehicle wheel and method for 
25 producing the same. The wheel includes a rim and a disc secured to the rim. 
The disc includes a plurality of outwardly extending spokes, an outer rim 
connecting flange defining a side edge surface and a window formed therein 
between adjacent pairs of spokes and having a predetermined shape defined by 
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the adjacent pairs of spokes and the side edge surface of the rim connecting 
flange such that each of the windows extends to an outermost periphery of the 
wheel disc, at least one of the windows includes at least a first window portion 
and a second window portion, the first window portion being formed by a first 
5 piercing operation and the second window portion being formed by a second 
piercing operation. The method for producing the wheel of the present invention 
includes the steps of: (a) providing a rim; (b) providing a disc having a plurality 
of outwardly extending spokes and an outer rim connecting flange defining a 
side edge surface; (c) subjecting the disc to at least a first window piercing 
1 0 operation to produce a first window portion in the disc between a pair of adjacent 
spokes; (d) subjecting the disc to at least a second window piercing operation to 
produce a second window portion in the disc, the first window portion and the 
second window portion cooperating to define a pierced window in the disc 
having a predetermined shape defmed by the adjacent pairs of spokes and the 
15 side edge surface of the rim connecting flange such that each of the pierced 

windows extends to an outermost periphery of the disc; and (e) securing the disc 
and the rim together to produce the fabricated vehicle wheel. 

Other advantages of this invention will become apparent to those skilled 
in the art fi:om the following detailed description of the preferred embodiments, 
20 when read in light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view of a first embodiment of a wheel disc 
according to the present invention adapted for use in producing a fabricated 
25 vehicle wheel. 

Fig. 2 is a front plan view of the wheel disc illustrated in Fig. 1. 

Fig. 3 is a sectional view of the wheel disc taken along line 3-3 of Fig. 2. 

Fig, 4 is a sectional view of the wheel disc taken along line 4-4 of Fig. 2. 
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Fig. 5 is a view of a portion of the wheel disc showing a first portion of a 
window formed in the wheel disc. 

Fig. 6 is a view of a portion of the wheel disc showing a second portion of 
the window formed in the wheel disc. 
5 Fig. 7 is a block diagram illustrating a sequence of steps for producing the 

wheel disc in accordance v^th the present invention. 

Fig. 8 is a view of a portion of the wheel disc illustrated in Figs. 1-3, 
showing tooling for forming a window in the wheel disc in accordance with the 
present invention. 

10 Fig. 9 is a perspective view of a second embodiment of a wheel disc 

according to the present invention adapted for use ui producing a fabricated 
vehicle wheel. 

Fig. 10 is a view of a portion of the wheel disc illustrated in Fig. 9, 
showing tooling for forming a window in the wheel disc in accordance with the 
15 present invention. 

Fig. 1 1 is another view of a portion of the wheel disc illustrated in Fig. 9, 
showing the tooling for forming a window in the wheel disc in accordance with 
the present invention. 

Fig. 12 is a view of a portion of a wheel disc in accordance with the 
20 present invention. 

Fig. 13 is another view of the wheel disc in accordance with the present 
invention. 

Fig. 14 is a block diagram illustrating a sequence of steps for producing 
the wheel disc in accordance with the present invention. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the drawings, there is illustrated in Figs. 1-3 a first 
embodiment of a wheel disc, indicated generally at 10, produced in accordauce 



wo 2005/089977 



PCT/US2005/009206 



with the present invention. The wheel disc 10 of this invention is illustrated as 
being adapted for use in a fabricated "drop center" or "well attached" vehicle 
wheel, such as shown in Figs. 23-27 of U.S. Publication No. 2004/0227392, the 
disclosure of this published application incorporated by reference in entirety 
5 herein. Although the present invention is illustrated and described in conjunction 
with the particular vehicle wheel constructions disclosed herein, it will be 
appreciated that the invention can be used in conjunction with other types of 
vehicle wheel constructions. For example, the wheel disc 10 can be used in other 
types of fabricated wheels, such as for example in a "bead seat attached" wheel 

10 such as shown in Fig. 4 of U.S. Patent No. 5,188,429 to Heck et al., the 
disclosure of this patent incorporated by reference in entirety herein. 

As shown in Figs. 1-3, the wheel disc 10 is preferably fabricated or 
otherwise formed from a suitable material, such as for example, steel. The wheel 
disc 10 includes a generally centrally located wheel moimting surface or portion 

15 12 and a plurality of outwardly extending spokes 14. In the illustrated 

embodiment, the wheel disc 10 includes five of such spokes 14 which are shown 
as being formed integral with the wheel mounting sxu-face 12. Alternatively, the 
number and/or the construction of one or more of the spokes 14 can be other than 
illustrated if so desired. For example, the wheel disc 10 can include less than 

20 five spokes 14 or more than five spokes 14 and/or the spokes 14 caa be formed 
separate from the wheel moxmting surface 12 of the wheel disc 10 and joined 
thereto by a suitable method. 

The wheel mounting surface 12 is provided with a centrally located pilot 
aperture 16 and a plurality of lug bolt receiving holes 18 circumferentially 

25 spaced aroimd the pilot aperture 16. In the illustrated embodiment, the wheel 
mounting surface 12 includes five of such lug bolt receiving holes 18 which are 
preferably provided in the wheel moxmting surface 12 "in line" with a respective 
one of each of the spokes 14. Altematively, the number and/or the location of 
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the lug bolt receiving holes 18 can be other than illustrated if so desired. The lug 
bolt receiving holes 18 are adapted to receive lug bolts (not shown) and nuts (not 
shown) for securing the wheel disc 10, and therefore the vehicle wheel, on an 
axle (not shown) of a vehicle. 

The mounting surface 12 further includes a plurality of "strengthening" 
ribs 20 provided therein. In the Ulustrated embodiment, a rib 20 is located 
between each pair of lug bolt receiving holes 18. In the illustrated embodiment, 
each of the ribs 20 is defmed by a raised or embossed area which extends 
outwardly from or above the mounting surface 12. The ribs 20 are operative to 
strengthen the mounting surface 12 to keep it from flexing durmg vehicle 
operation thereby improving the fatigue life of the associated vehicle wheel. 
Alternatively, the spacing, location, number and/or configuration of the ribs 20 
can be other than illustrated and described if so desired. 

Each of the spokes 14 has a generally double-Z-shaped cross-section as 
shown in Fig. 4 and includes a generally flat rear or back wall 30, a pair of 
opposed side walls 32 and 34 extending outwardly from the rear wall 30, and an 
pair of front walls 36 and 38 extending a respective one of the side walls 32 and 
34. In the illustrated embodiment, the rear wall 30 and the front walls 36 and 38 
extend generally parallel to one another. Alternatively, the structure, profile, 
shape and number of one or more of the spokes 14 can be other than illustrated if 
so desired. Also, one or more of the spokes 14 can include one or more openings 
formed therein, such as illustrated by an opening 40 shown m phantom in of the 
spokes 14 in Fig. 2. 

The wheel disc 10 further includes a plurality of wmdows 50 formed 
25 therein between each pair of spokes 14 and preferably as illustrated, a continuous 
outer ring or rim connecting flange 54. As will be discussed below, the windows 
50 are formed by a piercing process in accordance with the method of the present 
invention through two planes of the associated wheel disc 10. The first plane is 
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generally parallel with respect to an axis X of the wheel disc 10 and is illustrated 
by airow 60 in Figs. 3 and 8. The second plane is generally at an angle with 
respect to the wheel disc axis X and is illustrated by arrow 62 in Figs. 3 and 8. 
The angle is in the range of from about 0 degrees to about 45 degrees. 
Preferably, the angle is approximately 30 degrees. As used herein, the term 
"piercing" broadly means to remove material from the wheel disc with suitable 
tooling, such as for example a punch and die, and piercing can also be used to 
refer to or encompass other known processes, such as trimming, notching, 
stamping, shearing, scarfing and cutting. 

Preferably, as illustrated, the rim connecting flange 54 extends solely in 
an axial direction and is joined to an associated surface of a wheel rim (not 
shown) by suitable means to produce the fabricated vehicle wheel. The wheel 
disc 10 can be joined to the wheel rim by any suitable method, such as for 
example, by welding or riveting. The rim connecting flange 54 defmes a side 
edge surface 54A extending between adjacent pairs of the spokes 14. 
Alternatively, the rim connecting flange 54 can be other than illustrated if so 
desked. For example, the rim connecting flange 54 can be non-continuous, i.e., 
can include a separate, individual section(s) provided at an outer end of each of 
the spokes 14 or can be eliminated and the outer end of each of the spokes 14 can 
20 be directly connected to the wheel rim. 

In the illustrated embodiment, each of the windows 50 is identical to one 
another and has a pair clearance openings or zones, identified generally at 52. 
Each of the windows 50 is formed in the wheel disc 10 between adjacent pairs of 
the spokes 14 and has a predetermined shape defined by the adjacent pairs of 
spokes and the side edge surface 54A of the rim connecting flange 54 such that 
each of the windows 50 extends to an outermost periphery of the wheel disc 10. 
Alternatively, the shape of one or more of the windows 50 can be other than 
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illustrated if so desired. Also, one or both of the planes can be other than the 
planes illustrated by the arrows 60 and 62 if so desired. 

Referring now to Fig. 7, there is illustrated a block diagram showing a 
sequence of steps for producing the wheel disc 10 of the present invention, as 
5 illustrated in Figs. 1-3. Initially, in step 60, a preformed fabricated wheel disc 
having a final contour or shape is subjected to a first window piercing operation 
to produce a portion of the window in the wheel disc. In the illustrated 
embodiment and according to one method of forming the windows 50, during 
step 60 a first or "outer" window portion 70 is formed in the wheel disc during a 

10 first pierce operation by a first pierce pimch PI which is moved generally in the 
dkection of the arrow 60, as best shown in Fig. 8. As shown in Fig. 6, the first 
window portion 70 includes a pair of side walls 70A and a lower wall 70B. 

Next, in step 62, a second or "inner" window portion 72 is formed in the 
wheel disc 10 during a second pierce operation by a second pierce punch P2 

15 which is moved generally in the direction of the arrow 62, as shown in Fig. 8. 
As best shown in Fig. 5, the second window portion 72 includes a pair of 
openings 72A formed at the associated remote ends thereof The openings 72A 
define a break or departure from a profile 72B of the second window portion 72 
for a purpose to be discussed below. 

20 Altematively, the shape of one or both of the openings 72A can be other 

than illustrated if so desired. For example, the openings 72A could be oval- 
shaped, triangular-shaped, square or any other suitable shape if so desired. Also, 
the order of forming the first window portion 70 and the second window portion 
72 in the wheel disc 10 can be reversed if so desired. In other words, the iimer 

25 window portion 72 can be formed first followed by forming the outer window 
portion 70. Further, instead of only the punch P2 forming the openings 72A, the 
pxmch P2 by itself or a combination of the punches PI and P2 could be operative 
to form the openings 72A in the window 50. Also, it is preferred that the disc 
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with final contoxxr provided prior to step 60 is fully finish formed except for the 
windows 50. However, the disc provided prior to step 60 can be non fully 
finished if so desired. For example, following step 62, additional finishing 
operations, such as piercing the lug bolt holes 18 and the center pilot hole 16, can 
5 be performed. 

The openings 72A formed in the windows 50 are operative to define or 
provide clearance or overlapping zones, identified in Fig. 2 by reference number 
52. The clearance zone 52 eliminates the concern of positioning the two window 
piercing operations exactly. In other words, without the clearance zones 52, it 

10 would be difficult to precisely line up or align the profile 72B of the inner 

window portion 72 with the side walls 70A of the outer window portion 70 with 
one another which are formed during the two piercing operations. The clearance 
zones 52 also reduce or eliminate the possibility of a rough edge due to non exact 
alignment of the two window piercing operations. Additionally, the exact shape 

15 of the clearance zones 52 can be preselected and thereby incorporated into the 
final shape of the windows 50 of the wheel disc 10 if so desired. 

Referring now to Figs. 8-12, there is illustrated a second embodiment of a 
wheel disc, indicated generally at 1 10, in accordance with the present invention. 
As shown therein, the wheel disc 1 10 is preferably fabricated or otherwise 

20 formed from a suitable material, such as for example, steel, aluminum or alloys 
thereof, steel, magnesium, or titanium. The wheel disc 110 includes a generally 
centrally located wheel mountiag surface or portion 112 and a plurality of 
outwardly extending spokes 114. In the illustrated embodiment, the wheel disc 
110 includes five of such spokes 114 which are shown as being formed integral 

25 with the wheel mounting surface 112. Altematively, the number and/or the 
construction of the spokes 1 14 can be other than illustrated if so desired. For 
example, the wheel disc 1 10 can include less than five spokes 1 14 or more than 
five spokes 1 14 and/or the spokes 1 14 can be formed separate from the wheel 
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mounting stjrface 1 12 of the wheel disc 1 10 and joined thereto by a suitable 
method. 

The wheel movmting surface 1 12 is provided with a centrally located pilot 
aperture 120 and a plurality of lug bolt receiving holes 122 circumferentially 
5 spaced around the pilot aperture 120. In the illustrated embodiment, the wheel 
mountmg surface 1 12 includes five of such lug bolt receiving holes 122 which 
are preferably provided in the wheel mounting surface 1 12 "in line" with a 
respective one of each of the spokes 114. Alternatively, the number and/or the 
location of the lug bolt receiving holes 122 can be other than illustrated if so 

10 desired. The lug bolt receiving holes 122 are adapted to receive lug bolts (not 
shown) and nuts (not shown) for securing the wheel disc 110, and therefore the 
vehicle wheel, on an axle (not shown) of a vehicle. 

The mounting surface 1 12 ftirther includes a plurality of "strengthening" 
ribs 124 provided therein. In the illustrated embodiment, a rib 124 is located 

1 5 between each pair of lug bolt receiving holes 1 22. In the illustrated embodiment, 
each of the ribs 124 is defined by a raised or embossed area which extends 
outwardly from or above the mounting surface 1 12. The ribs 124 are operative 
to strengthen the mounting surface 1 12 to keep it from flexing durmg vehicle 
operation thereby unproving the fatigue life of the associated vehicle wheel. 

20 Alternatively, the spacing, location, number and/or configuration of the ribs 124 
can be other than illustrated and described if so desired. 

Each of the spokes 1 14 has a generally double-Z-shaped cross-section 
(similar to that shown above in Fig. 4 with respect to wheel disc 10), and 
includes a generally flat rear or back wall 130, a pair of opposed side walls 132 

25 and 1 34 extending outwardly from the rear wall 130, and an pair of front walls 
136 and 138 extending a respective one of the side walls 132 and 134. In the 
illustrated embodiment, the rear wall 130 and the front walls 136 and 138 extend 
generally parallel to one another. Alternatively, the structure, profile, shape and 
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number of one or more of the spokes 1 14 can be other than illustrated if so 
desired. Also, one or more of the spokes 1 14 can include one or more openings 
formed therein, such as illustrated by an opening 140 shown in phantom in of the 
spokes 1 14 in Fig. 9. 

5 The wheel disc 1 1 0 further includes a plurality of windows or openings 

150 formed therein between each pair of spokes 1 14 and preferably as illustrated, 
a continuous outer ring or band 154. As will be discussed below, the windows 
150 are formed by a piercing process in accordance with the method of the 
present invention through three planes of the associated wheel disc 110. 
1 0 The first plane is generally perpendicular with respect to an axis XI of the 

wheel disc 10 and is illustrated by arrow 160 in Figs. 10 and 1 1. The second 
plane is at an angle with respect to the axis XI of the wheel disc 10 and is 
illustrated by arrow 162 in Fig. 10. The angle of the second plane is in the range 
of from about 0 degrees to about 45 degrees. Preferably, the angle of the second 
1 5 plane is approximately 30 degrees. The third plane is generally at an angle with 
respect to the axis XI of the wheel disc 10 and is illustrated by arrows 164 and 
166 in Figs. 10 and 1 1. The angle of the third plane is in the range of from about 
0 degrees to about 45 degrees. Preferably, the angle of the third plane is 
approximately 30 degrees. Also, the third plane is preferably generally parallel 
20 or in line with respect to an axis defined by the associated adjacent radially 

extending spoke side wall 132 and 134, one of such axis generally being shown 
in Fig. 1 0 by arrow 1 70 with respect to spoke side wall 1 32. 

Preferably, as illustrated, the rim connecting flange 154 extends solely in 
an axial direction and is joined to an associated surface of a wheel rim (not 
25 shown) by suitable means to produce the fabricated vehicle wheel. The wheel 
disc 1 10 can be joined to the wheel rim by any suitable method, such as for 
example, by welding or riveting. The rim connectmg flange 154 defines a side 
edge surface 154A extending between adjacent pairs of the spokes 1 14. 



wo 2005/089977 



PCT/US2005/009206 



Alternatively, the rim connecting flange 154 can be otiier than illustrated if so 
desired. For example, the rim connecting flange 154 can be non-continuous, i.e., 
can include a separate, individual section(s) provided at an outer end of each of 
the spokes 114 or can be eliminated and the outer end of each of the spokes 114 
5 can be directly connected to the wheel rim. 

In the illustrated embodiment, each of the windows 150 is identical to one 
another and has pair of clearance openings or zones, identified generally at 152 A 
and 152B in Fig. 9. Each of the windows 150 is formed in the wheel disc 110 
between adjacent pairs of the spokes 1 14 and has a predetermined shape defined 
10 by the adjacent pairs of spokes and the side edge surface 154A of the rim 
comiecting flange 154 such that each of the windows 150 extends to an 
outermost periphery of the wheel disc 1 10. Alternatively, the shape of one or 
more of the windows 150 can be other than illustrated if so desired. Also, one or 
more of the planes can be other than the planes illustrated by the arrows 160, 162 

15 and 164 if so desired. 

Referring now to Fig. 14, there is illustrated a block diagram showing a 
sequence of steps for producing the wheel disc 10 of the present invention, as 
illustrated in Fig. 9. Initially, in step 160, a preformed fabricated wheel disc 
having a final contour or shape is subjected to a first window piercing operation 

20 to produce a portion of the window 1 50 in the wheel disc 110. In the illustrated 
embodiment and according to one method of forming the windows 150, during 
step 160 a fu-st or "inner" window portion 170 is formed in the wheel disc during 
a &st pierce operation by a first punch P3 which is moved in the direction of 
arrow 160, as shown in Figs. 10 and 1 1. As shown therein, the first window 

25 portion 1 70 includes a pair of cut-outs or openings 1 70A formed at the 

associated remote ends thereof. The openings 170A define a break or departure 
firom the rest of a profile 170B of the first window portion 170 for a purpose 
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similar to that discussed above with respect to the openings 72B in the window 
50 of the disc 10. 

Next, in step 162, a second or "intermediate outer" window portion 172 is 
formed in the wheel disc 1 10 during a second pierce operation by a second punch 
5 P4 which is moved in the direction of arrow 162, as shown in Fig. 10. As shown 
therein, the second window portion 172 includes a pair of openings 172A formed 
at the associated remote ends thereof In the illustrated embodiment, the shape 
of the openings 172A are generally in the shape of a semi-circle. The openings 
172A defme a break or departure from a profile 172B of the second window 
10 portion 172 for a purpose to be discussed below. Alternatively, the shape of one 
or both of the openings 170A and 172A can be other than Ulustrated if so 
desired. For example, the openings 170A and 172A could be generally oval- 
shaped, triangular-shaped, square or any other suitable shape if so desired. 

Next, in step 164, a pair of third or "opposed outer end" window portions 
15 174 and 176 are formed in the wheel disc 1 10 during a third pierce operation by 
a pair of third punches P5 and P6 which are moved in the directions of arrows 
164 and 166, respectively, as shown in Figs. 10 and 1 1. Preferably, the third 
punches P5 and P6 are operated simultaneously with one another to form the 
windows 174 and 176 in the disc at the same time; however, if desired, the third 
20 punches P5 and P6 could be operated separately if so desired. Alternatively, the 
shape, the number and/or the method of forming the windows 150 in the disc 1 10 
can be other than illustrated and described if so desired. For example, the order 
of forming the first window portion 170, the second window portion 172 and the 
third window portions 174 and 176 in the wheel disc 1 10 can be in any other 
25 order if so desired. One alternate example is to fonn the window portion 172 
furst, then form the window portions 174 and 176 and then finally form the 
wmdow portion 170. Another alternate example is to form the window portion 
174, then form the window portion 170, then form the window portion 176, and 



wo 2005/089977 



PCT/US2005/009206 



finally form the window portion 170. Thus, it can be seen that there are a 
numerous ways to form the window using the punches P3, P4, P5 and P6. Also, 
it is preferred that the disc with final contour provided prior to step 160 is fully 
finish formed except for the windows 150. However, the disc provided prior to 
5 step 1 60 can be non fully finished if so desired. For example, following step 
162, additional finishing operations, such as piercing the lug bolt holes 122 and 
the center pilot hole 120, can be performed. 

The openings 170A and 172A formed m the windows 150 are operative to 
define or provide clearance or overlapping zones, identified in Fig. 9 by 
10 reference numbers 152A and 152B, respectively. The clearance zones 152A and 
152B eliminates the concern of positioning the at least three window piercing 
operations exactly. In other words, without the clearance zones 152A and 152B, 
it would be difficult to precisely line up or align the profiles of the associated 
window portions which are formed during the at least three piercing operations. 
15 The clearance zones 1 52A and 1 52B also reduce or eliminate the possibility of a 
rough edge due to non exact alignment of the at least three window piercing 
operations. Additionally, the exact shape of the clearance zones 152A and 152B 
can be preselected and thereby incorporated into the final shape of the windows 
150 of the wheel disc 110 if so desired. 
20 One advantage of the present invention is that the multiple window 

piercing operations (e.g., the two steps in the first embodiment and the three 
steps in the second embodiment), allows the fonning of a relatively large 
window 50, 150 in the wheel disc 10, 1 10 through more than one plane. Also, 
the openings (e.g. the openings 72A in the first embodiment and the openings 
25 1 70 A and 1 72A in the second embodiment), formed during the window piercing 
operations are operative to define or provide the clearance or overlapping zones 
(zones 52 in Fig. 2 and zones 152A and 152B in Fig. 9). The clearance zones 
eliminate the concern of positioning the multiple window piercing operations 
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exactly. In other words, without the clearance zones, it would be difficult to 
precisely line up or align the profiles of the respective window portions with one 
another which are formed dioring the multiple piercing operations. The clearance 
zones also reduce or eliminate the possibility of a rough edge due to non exact 
5 alignment of the multiple window piercing operations. Additionally, the exact 
shape of the clearance zones can be preselected and thereby incorporated into the 
final shape of tihie windows of the wheel disc. 

In accordance with the provisions of the patent statutes, the principle and 
mode of operation of this invention have been described and illustrated in its 
10 preferred embodiments. However, it must be understood that the invention may 
be practiced otherwise than as specifically explained and illustrated without 
departing from the scope or spirit of the attached claims. 



